OA 3302
Winter 2003

Computer Lab 05: Random Variate Generation

In thislab you will write classes implementing three methods for generating triang(a,b,c) random
variates; Inverse Transform, Composition and Acceptance/Rejection. An instance of one of the classes you
write can be retrieved from the Randonfact or y class and used wherever you have used aRandonvar i -
at e instance previously (such asyour Arri val Process or Ser ver classes).

Concepts

* Inverse Transform method

« Composition method

»  Acceptance/Rejection method
* Implementing an interface

*  Writing an abstract class

Description
This lab consists of the following parts:

Write the abstract base class Tri angl evari at eBase

Write the concrete Tri angl el TVari at e subclass

Writethe Test Gener at e classtotest Tri angl el Tvari at e

Modify TestGenerate to create a histogram of generated values

Write and test the Tri angl eCvari at e subclass of Tri angl eVari at eBase
Write and test the Tri angl eARVari at e subclass of Tri angl eVari at eBase
Use the classes in the Multiple Server Queue model from Lab 02.
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Write TriangleVariateBase Class

Definethe Tri angl eVari at eBase class to implement the si nki t. random RandonVari at e
interface. It should be declared abstract because not all of the methods will be implemented. Since all three
versions will use a RandomNunber instance for Un(0,1) random variates and will have three parameters,
these will be in the base class. Since each version will implement a different algorithm, the gener at e()
method will be implemented in the subclasses.

The TriangleVariateBase class has four instance variables that should be define with pr ot ect ed
access: doubl e variables | ef t, ri ght, andcent er, andr andomNunber , an instance of RandomNum
ber . Write setters and getters for each of these variables.

The constructor should have zero parameters and should set the randomNumber instance variable,
using RandomNurber Fact ory. get | nst ance() 1

Next, write set Par anet er s( Obj ect[]) and get Par anet er s() . Theset Par anet er s()
method should check that the passed-in argument has exactly three elements and that each oneis an
instance of Nurmber . Throw anl | | egal Ar gument Except i on if thisis not the case.’ The get Par anme-
t er s() method should simply wrap the three doubl e instance variablesin an Obj ect [] and return it.

1. Asyou did when shuffling the deck of cards earlier in the course.
2. For example, to check for the length of the array:

if (params.length !'= 3){
throw new |11 egal Argunent Exception(“Need 3 elenments: “ + parans.|ength);

}



Finally, you will need to write a public clone() method as follows:

public Cbject clone() {

try {
return super.clone();

} catch (d oneNot SupportedException e) {}
return nul | ;

}

2. WritetheTrianglel TVariate class

The Trianglel TV ariate class should extend TriangleV ariateBase and should only define three
methods: generate() andtoStri ng(). Thegener at e() method should implement the Inverse Trans-
form method and use r andonmNunber .dr aw( ) to get the Un(0,1) variate.

Generate U ~ Un(0,1)
If U<(c-a)x(b-a)
return a+ J/(c—a)(b—a)U

else

return b- /{b=c)(b-a)(1-0)

Thet oStri ng() method should returna St ri ng like: Triangle (1.0, 3.0, 2.0)
[I nverse Transforni.Youcan putthefirst partin Tri angl eVari at eBase and append the last part
in the subclass.

3. Writethe TestGenerate Class

Write a pure execution class called TestGenerate that obtains an instance of Trianglel TV ariate and
generates some values from it. Use parameters (1.0, 2.5, 1.5) and seed Congr uent i al Seeds. SEED[ 4] .
The String you need to pass to the RandomV ariateFactory is the fully qualified name of the desired cl ass.!
Thefirst five generated values with this seed should be: 2

Triangle (1.0, 2.5, 1.5) [lnverse Transform
2.1165808510271344

1.704167240128175

2.3708374474151523

1.739624407394265

1. 4006090187354705

4. Modify TestGenerateto Create a Histogram

To see the results of your class visually, use the following code:3

Di mensi on screen = Tool kit. getDefaul t Tool kit().getScreenSi ze();
Rect angl e wi ndow = new Rect angl e( 400, 300);
Cl oseabl eDat aW ndow cdw =
new Cl oseabl eDat aW ndow(rv.toString());
cdw. set Bounds((screen.wi dth - wi ndow.wi dth) / 2, (screen.height - w ndow. hei ght)

wi ndow. wi dt h, w ndow. hei ght);
G aphStat gs = new GraphStat("Triangle", 0.0);

1. That is, 0a3302. Tri angl el TVari ate.

2. Thefirstlineisfromthetostring() of Triangl el Tvariate.

3. You will havetoimportj ava. awt.*; sinkit.stat.*; and simkit.util.*; Therv variableisthe
Randonvar i at e to be used.



cdw. add(gs.initH stogran(true, 1.0, 2.5, 100));
cdw. set Vi si bl e(true);

In the above code fragment, the first two lines establish the dimensions of the screen and of the
datawindow. The Cl oseabl eDat aW ndow classis the shell for displaying the histogram and the set-
Bounds() command places the window at the center of the screen. The Gr aphSt at instance produces the
histogram, itself with the i ni t Hi st ogr an() method. The two argumentsto Gr aphSt at ’s constructor
are not used in thislab, but are necessary to instantiate a G- aphSt at (the St ri ng and doubl e can be
arbitrary, in fact).

The arguments to GraphStat'si ni t Hi st ogr anm() method are as follows:

* bool ean -trueif histogramisanimated, f al se if not
» doubl e - lower limit of histogram
* doubl e - upper limit of histogram
* int - number of cellsin histogram

Finally, to generate the output, write the following loop:

for (int i = 0; i < nunberToGenerate; i++) {
gs.sanpl e(0.0, rv.generate());
cdw. repai nt () ;

}
Thesanpl e() method of Gr aphSt at requires adouble asits first argument for reasons that do not apply

to today’ s lab. The second argument is the new observation; Gr aphSt at will put it in the appropriate bin
and update the count. The r epai nt () method will redraw the histogram after the new observation.

5. Writethe TriangleCVariate class

TheTri angl eCVari at e class extends TriangleV ariateBase and uses the composition method to
generate atriang(a, b, ¢) random variate. Use this algorithm in the gener at e() method and modify the
toString() toindicatethat it is using the Composition method. Modify TestGenerate to generate a histo-
gram for this method.

6. Acceptance/Regection Method

Now write aclass called Tri angl eARVar i at e that subclasses Tri angl eVari at eBase as gen-
erates triangle random variates using the A cceptance/Rejection method with a uniform majorizing func-
tion. As before, you will only have to write the gener at e() andthet oSt ri ng() methods. Add this
method to TestGenerate for athird histogram.

7. UseTriangle Variatesin the Queueing M odel

Finally use your Tri angl eCVari at e and Tri angl eARVar i at e asinterarrival timesfor the
multiple server queue model from Lab 2. The output should look something like this: L

Mul tiple Server Queue
Number Servers: 2
Service Time Distribution: Triangle (2.0, 5.2, 3.6) [Acceptance/ Rejection]
Arrival Process
Interarrival Times: Triangle (1.0, 3.0, 2.0) [Conposition]

Simul ati on ended at tinme 2000. 0000
There have been 1006 custoners arrive to the system

1. Use Congruenti al Seeds. SEED[ 0] for interarrival times and Congr uent i al Seeds. SEED[ 1] for service
times. The stopping time is 2000.0. Y ou should not have to modify or recompile the Arri val Process or
Servi ce classes



There have been 1004 custoners served

Aver age Nunber in Queue 0. 2067
Average Utilization 0. 9039
Output

Histograms that should (hopefully) look roughly like the Triangle pdf. Try different parameters for
your Triangle distribution to see their effect. If you change the left and right bounds, change the lower and
upper limitsin thei ni t Hi st ogr an() method. For the multiple server queue, output approximately cor-
responding to the above.

Deliverables

Turn in your source code a picture of your histograms, and the output from the multiple server
gueue run. To print a picture, select the window with the histogram and press <AL T>-Print Screen. Then
open up Wordpad (or Word, if you must) and paste the picture into the document. Finally, print the docu-
ment.

Frequently Asked Questions

What does it mean to “ implement the RandomVariate interface” ?

An interface usually has a number of methods that must be defined. For theRandonvari at e
interface, these are the six methods listed on pagel. Each method must be written in order to fully imple-
ment the RandonVar i at e interface.

| get the following error:

0a3302/ Tri angl eVari at eBase. java [13:1] clone() in java.lang. Object cannot i nplenment
clone() in sinkit.random RandonVari ate; attenpting to assign weaker access privil eges;
was public

Y ou need to add the public cl one() method to Tri angl eVari at eBase asfollows:

public Cbject clone() {

try {
return super.clone();

} catch (d oneNot SupportedException e) {}
return null;

Y ou do not have to do anything more to the subclasses.

| get the following error:

0a3302. Tri angl eVari at eBase shoul d be decl ared abstract; it does not define generate()
in 0a3302. Tri angl eVari at eBase

Define Tri angl eVari at eBase as abstract (publ i ¢ abstract class Triangl eVari ate-
Base). It must be declared abstract because the gener at e() method is only implemented in the sub-
classes.

| get strange errors when | run the histogram part, but the histogram seems to ook ok.

If the histogram looks ok, then you can (probably) ignore the errors.

| can’t remember the Composition method to generate a triangle variate.

Generate U, V ~ Un(0, 1)
if (V<(c-a) [/ (b- a))



Return a + (¢ - a) U
el se

Return b - (b - c) J/1-U

| can’t remember the Acceptance/Rejection method for generating a triangle variate.

do {

Generate U, V ~ Un (0,1)

Y=a+ (b-a V
} while ( (Y<c¢c & U> (Y- a)/(c-a) || (Y>c &&U>(b-Y)/(b-c))
return Y,



